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ABSTRACT

This report presents the results of a continuing research progrenm
in the synthesis, evaluation and spplication of inorganic "F" center
type phototropic systems for use in bi-optic high density storage
media for computer memories.

The results of an extensive synthesis and evaluation program

40 prepare synthetic hackmenite type materials and tenebrescent glass
materials are given along with some application concepts.

PUBLICATION REVIEW
This technical documentary report has been reviewed and is approved.
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INORGANIC PHOTOTROPIC
MATERIALS FOR HIGH
DENSITY COMPUTER MEMORIES

1. INTRODUCTION

The purpose of this research project was to determine the appli-
cability of the phototropic phenomenon and materials to memory devices
for the high density storage of computer data. Accordingly, this
project was divided into two phases; first, e general investigation
of various types of phototropic phenomena as applied to a memory
device, and secondly, to synthesize, evaluate end obtain techniques
for the use of these materials in a memory device.

Previous research studies (see ref. 1) have shown that inorganic
F center tenebrescent meterials appeared to have most promise of
meeting the requirements for a bi-optic computer storasge device.
As a result, the major portion of this effort wes directed towards
the synthesis and evaluation of these materials. The parameters
for a bi-optic computer storage device are as follows:

a) The system must have two stable states (i.e., colored and
colorless).

b) The system must be capable of being switched, at will, from
one stable state to another, preferably by means of electro-
megnetic radiation of two different wavelengths.

¢) The system should have well defined, narrow activation,
reading, and de-activating wavelength regions.

d) The system should be capable of being resd at a wavelength
wbere the spectral absorption characteristics provide a
meximum difference and does not induce a change from one
state to the other.

e¢) The change in the absorption, transmission, or reflected
properties of the system should be such as to give a contrast
ratio of at least 3-1 (preferably higher).

£) The response speed of the activation or forward reaction,
as well as that of the erase or back reaction, should be
in the neighborhood of 0.1 to 1.0 microseconds or less.

Manuscript released by the author on 4 March 1963 for publication
as an ASD Technical Documentary Report.
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g€) As a maximum, the system should be capable of 106 reversels
between the two states vhile not exhibiting any bieakdown
or fatigue. As a winimum, the system should have no more
than 10 percent breakdown in a 300 hour period.

h) The energy required for inducing the required change from
one state to the other should be relatively small.

i) The system should be easily incorporated into 2 wide area
(e.g., sheet form) or on some type of inert medisa (e.g.,
plastic or glass).

J) In _the wide area form, the system should be capable of storing
106 bits of information per square inch.

2. SOLID STATE SYNTHESIS

A major portion of the synthesis work wes performed using the
general method of solid state high temperature resction at atmospheric
pressure. Particular emphasis was placed on temperature, addition
of fluxes or glass forming material, and on the actual firing procedure.
This work 1s described below.

2.1 ADDITIONS OF BORIC OXIDE AND SILICA

As reported in the initial report concerning hackmenite type
materials (see ref. 1), the tenebrescent property was destroyed when
temperatures above 1000°C were obtained. Sodium chloride could easily
be lost at these temperatures due to its volatility. To support this
view, it was shown that several samples that were not photosensitive
after long firing times, could be made tenebrescent by remixing the
material with edditional sodium chloride followed by a firing treet-
ment in a reducing atmosphere. Accordingly, three experimental pro-
cedures presented themselves as possible means of obteining glass-
1like systems. Flux materials, such as boric oxide, sodium phosphate,
or others could be added to lower the melting point. A molten material
could be formed which would allow more complete reaction. This would
produce larger areas of transperent hackmenite or disburse the hackmanite
in a transparent glass matrix. Conceivably, a second method using
mechanical means could be devised by which the sodium chloride or
other volatile components could be conteined while firing at the
high temperatures. Still a third poesibility would be to form the
hackmanite at lover temperatures using & hydrothermal or hot pressing
technique.



The first possibility was extensively studied. One of the most
promising materials used was boric oxide. 1In order to study the
effect of the boric oxide on the color center formation, a composition
of H-11-8-3 was prepared (see table 1) in such & way that the boric
oxide was nonuniformly disbursed throughout. Samples of this meterial
vere fired as indicated in table 2,

TABLE 1

BASIC HACKMANITE TYFE COMPOSITIONS

COMPOSITION PRFPARATION
DESIGNATION CHEMICAL FORMULA PROCEDURE
H-11 Na20°A1203°28102 -} Air fired the proper amounts

of NapC03, Linde A type
A1203 and Mellinckrodt
silicic acid three times
in air at 900-1000°C

H-11-8-3 3(Na20:A1203°28102)1, 2 Mixed togetber 19 gm H-11,
NeCl'1/6 Ne2SOy + B203 1.24 gm NaCl, 0.67 gm
Na280) and 1.0 gm B203
2A 3(Nag0° A1203°25102)NaCl Air fired the proper amounts
1/2 NepSOy of NepC03, Linde A type

A1203, Mallinckrodt silicic
acid, NaCl and Ne280,

2A+ c-- 2.0 gm 2A + 0.2 gm silicic
acid. This was mixed
togetber but was not given
en edditional firing treat-
ment.

The H-11-8-3-4 resulted in a light gray material which had a
glassy coating on the outside surface but only certain areas on the
inside of the pellet were photosensitive. However, the physical
eppearance of the inside surface was uniform and no Bp03 rich sections
could be observed. The only difference between H-11-S-3~4 and H-11-8-3-5
was that the latter showed less pbotosensitivity. Sample H-11-8-3-2
was a8 porous low density material with melted pocks present which
vere due to localized areas rich in B03. The entire material turned
pink on exposure to ultraviolet with the pocks turning darker than
the rest of the material. Sample H-11-5~3-3 wes exactly the seme

S MG et



H-11-8-3-1 Fired in Hp 6 1000°C for 1 hr.

H-11-8-3-2 Fired in Hy 6 1127°C for 1 hr.
H-11-8-3-3 Fired in Ho € 1127°C for 2 hrs.
B-11-8-3-k Fired in Hp € 1226°C for 1 hr.
H-11-8-3-5 Fired in Hp € 1226°C for 2 hrs.

as H-11-8-3-2 in physical appearance, differing in that only the
pocks turned dark on exposure to ultraviolet. This color was iden-
tical to the color of the ks in H-11-8-3~2. The material fired
at the lowest temperature (H-11-S-3-1) was the most porous but also
had melted pocks present which turned darker than the unmelted pert.
As a vhole, this material developed more color than the other four

samples.

The results with this series of experiments almost conclusively
can be explained on the basis that the sodium chloride or other volatile
component is lost at the higher temperatures and that the boric oxide
flux action retarded this loss. To definitely prove this beyond
any doubt, it would merely be necessary to refire some of the less
active materials in an excess of sodium chloride. Previous experiments
have indicated that such treatment regenerated photosensitive meterials.
The next consideration was to determine the optimum amounts of these
compositional materials.

On firing e sample of H-11 in hydrogen st 1100°C for 3 hour,
the resultant substance did not show photosensitivity, indicating
that H-11 alone was not sufficient for the tenebrescent response.
By adding sodium chloride to H-1l and following this by firing in
& reduced atmosphere, it was found that some color was developed
upon exposure to ultraviolet. Even though the coloration was slight,
it can be stated that sodium sulfate (Nep80y) or sodium sulfide (NeoS)
is not required to induce the photo response. Since previous experi-
ments usually contained sulfate or sulfide, sodium sulfite was added
to the H-11 + NaCl material followed by firing at 1100°C in a reducing
atmosphere. On exposure to ultraviolet, this material beceme colored.



Several experiments were then run in which boric oxide was added
to form compositions similar to the H-11-8-3 discussed above. The
aim here wvas to determine the optimm amounts of NeCl, Nep804 and
B203 required to produce a satisfactory tenebrescent material with
transparent qualities.

The first series of experiments consisted of adding Bx03 to
a 2A composition along with additional amounts of NaCl. Some of
the compositions are given in table 3. The results obtained indicate
that as the amount of By03 is increased, the material becomes more
glassy. Also, as the temperature is increased as wvas the case for
those compositions to which boric acid was added in place of boric
oxide, the glassy phase was formed for lesser amounts of the boric
oxide. This is understandable because the melting eutectic is lowered
for those compositions which contain any amount of boric oxide.

Whether the melting or the presence of boric oxide is the cause
of the loss of tenebrescence cannot be stated for certain. Previous
work by Kirk and Medved (see ref. 3 and U4) indicates that the melting
process changes the besic sodalite composition. Accordingly, this
would indicate that this melting process would make the mechanism
inoperative. Still another explanation was that the B03 could very
easily react with the structure in such a way as to modify the aystem
and thus ruin the tenebrescent property. Since small amounts of
B203 4did not appear to be detrimental, tbere probably was an optimum
ratio of B03 to the 2A composition which will allow glass formation
or increased reaction between the sodalite type crystals without
the destruction of the tenebrescent quality. It is anticipated that
extensive work will be carried out in this ares but x-ray diffraction
patterns would be required to ascertain the exact structural effect
of B203, firing conditions and other fluxing reagents.

PR ST e AR T

In nearly every case, except those for which the amounts of
B03 was sbout 0.05 grams, the substance resulting after firing had
a yellow=green or green color and upon exposure to ultraviolet fluoresgced.
This was interpreted as caused by a reaction between Bg03 and Naz8
as described by Weyl (see ref. 2). Since it was previously shown
(see ref. 1) that sulfide was not of critical importance to the forma-
tion of F centers in bhackmanite, the amount of sulfide in this com-
position was reduced.

To accomplish this, varying amcunts of Ne2B80L were added to
H-11l while the amount of B03 was kept constant. The results of
several of these experiments are showm in table k4.

Results obtained indicate that an optimm amount of NepS0)4 need
not cause a green colorstion but yet would still give a translucent
mterial possessing a high degree of tenebrescence. This optimm
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TABLE b

TABLE SHOWING THE EFFECT OF
VARYING THE AMOUNT OF SULFATE WITH
A CORSTANT CONCENTRATION OF B03

EXFERIMENT

IESIGEATION | iy S

H-11-8-1 # 1.8 gm BE-11 Center part was orange-green,
0.125 gm NaCl outer part was cream to white.
0.1 gn BO3 Inner part fluoresced but 4did
0.151 gm Ne280), not color on exposure to ultra-

violet. The cream part turned
color but did not fluoresce.

H-11-8-2 1.8 gn H-11 The whole pellet was orange and
0.125 gm NaCl fluoresced on exposure to ultra-
0.1 gm BxO3 violet. Ko color centers were
0.302 gm NanS0y generated.

H-11-8-3 1.8 g H-11 Excellent glassy translucent
0.125 gm NaCl material with strong clear
0.1 gm BxO3 generation on exposure to
0.067 gm KapSO), ultraviolet.

H-11-8-4 1.8 gm H-11 Simdlar to H-11-8-3 except
0.125 gm NaCl color generation was somewhat
0.1 gm 3203 less.
0.01 gm Nap80,

* All vere fired in hydrogen at 1100°C for % hour.

situation seemed to be the case with experiment H-11-8-3. A note of
caution should be introduced concerning the temperature reported for
the above experiments. As is well known, the temperature control in
any high-temperature study is critical and usually the better the con-
trol, the greater is the validity of the data. In the above work,

& platinum-platinum rbodium thermocouple wes placed on the inside of
the furnace chamber and not on the inside of the tube near the samples
being fired. Later in the progream, & pyrometer was obtained and the
texperatures read on the sanple were generally two to three-hundred
degrees centigrede higher than those indicated by the temperature on
the dial supplied with the furnace. It was also found that the pyrometer
readings could fluctuate 20-50 degrees without any varistion in the
temperature as read from the furnace indicator. As will be seen later,
this temperature control was important in explaining still another

8



phenomenon. In the future, it will be necessary to cospare the pyrom-
eter readings with those from a thermocouple placed near the sample.
Since BgO had imparted a glassy translucent character to the hackmenite
ma.ter.lals, it was then of interest to add excess silica to these B03

compositions. Several of these experiments are listed in table 5.
TABLE 5
COMPOSITION TO WHICH SILICIC
ACID WAS ADIED TO H-11-8-3
EXPERIMENT
DESIGNATION COMPOSITION * RESULTS
H-11-SI-1 2.09 gm H-11-8-3 The outside surface had melted
0.05 gm Silicic acid pocks present. Inside of the
meterial was not melted but
turned dark on exposure to
ultraviolet.
H-11-SI-2 2.09 gm H-11-8-3 About the same as H~11-SI-1
0.1 S:llicic acid i
H-11-8I-3 2.09 gm H-11-5-3 Material had a white bubble
0.2 gn Silicic acid melted appearance and turned
dark on exposure to ultra-
violet.
BE-11-8I-k4 2.09 gm H-11-8-3 Material melted to a greater
0.3 gm Silicic acid extent tban the H-11-8I-3.
Very little F color was
obtained.

# A1l wvere fired in hydrogen at 1100°C for # hour.

The results of these experiments tend to indicate that the firing
temperature was not the same as that used to fire the H-11-8-3 com-

position.

However, the largest amount of silicic acid added daid
cause the material to melt more extensively.

The silicic acid also

seemed to give a milkier appearance rather than the translucent quali-

ties obtained in the H-11-8-3 composition.

This indicated that addi-

tional silicic acid does not react well with the other components
at this low temperature (1100°C) and relatively short firing period.
To check out the melting characteristics, therefore, samples of H-1ll,

2A and 2A+ (see table 1) were fired at various temperatures.

The

results indicated that the 2A+ composition melted at a lower temperature



than 2A or H-11 systems even at 1250°C. During the melting process,
the 2A+ composition frothed extensively, which may indicate that
further decomposition wes taking place. It could, therefore, be
concluded that the cloudy appearance of the H-11-SI series was due
to the incomplete decomposition of the additional silicic acid.

In future efforts, these compositions will be investigated with

air firing bvefore firing in the reducing atmosphere.

Still another synthesis procedure that gave fairly good results
wvas in tightly packing the basic 2A composition ;nto a Vycor tube
and firing this in hydrogen at about 1100°C for % hour. Since Vycor
contains Bp03 in its composition, this method gave a glassy type
material for that portion of the material in contact with the Vycor
tube. The method was not easily controlled and was abandoned as
not being practical.

The next procedure tried was to coat an alumina boat with boric
acid, place the sample in it and fire in the furnace at 1000°C.
A sample of 2A was pressed into a pellet and placed on top of the
B203 layer. This was fired in a hydrogen atmosphere for 2 hour at
1000°C. A resulting material with excellent tenebrescent properties
was obtained in that part of the pellet which was between the outside
surface in contact with the BoO3 and the center of the pellet to
which the By03 bad not diffused. The pert of the pellet in contact
wvith the Bp03 turned to a black glass. It was felt that the boat
in a reducing atmosphere reacted with the BpO3 and the NapSOy and
8 new firing fixture was therefore required.

Graphite tubes closed at either end with tightly fitting graphite
plugs were then used as the firing fixtures. This proved to be quite
satisfactory in that there was no reaction between the graphite and
the composition materials. This procedure also allowed for the material
t0 be cooled to room temperature in a reducing etmosphere. This
was later found to be of critical importance as the tenebrescent
property was found to be destroyed if the hackmenite materials were
placed in an oxidizing atmosphere while at temperatures above 400°C.
This method of firing the materiels was used almost exclusively for
the remainder of the studies.

Approximately 2.0 gm of 2A+ was tightly packed into a graphite
tube and fired at 1150°C for % hour in hydrogen. The resulting material
formed a melted opaque glass that became quite colored upon exposure
t0 ultraviolet light. This material wvas then remixed in a mortar
and pestle, additional amounts of NaCl added and again fired. After
a total of three firings, a homogeneous opaque glass was formed that
became darkly colored upon exposure to ultraviolet light. On exposure
to vhite light, the bleaching reaction was found not to go to completion.
It would completely reverse when the material was heated to temperatures

10



above 300°C. This method, therefore, allowed for the melting of

the hackmanite materisl without the resulting loss of tenebrescent
properties. It was previously reported that the material could not

be fired sbove temperatures of 1050°C. Using this technique, tempera-
tures of 1200°C were used without the loss of any tenebrescent charac-
teristics. The effect of long time firing at these temperatures was
not evaluated.

Since a temperature of 1200°C had been reached, it was of interest
to fire the 2A+ at higher temperatures. Accordingly, a sample was
placed in a graphite tube and fired in hydrogen at 1250°C. The material
had completely melted and had a tan-colored glassy material disbursed
throughout & cleer glass matrix. This experiment indicated that
1200°C was the highest possible firing temperature.

A sample of 2A material, which bhad previcusly been fired at
1100°C in hydrogen, was mixed with an additional amount of NaCl and
then fired at a temperature of 1300° to 1350°C for % hour. The materiel
completely melted and resulted in a smooth-surfaced pellet with a
body material heavily populated with gas bubbles and possessing a
light red color. On exposure to ultraviolet light, the material
became quite dark and on exposure to a tungsten lamp, the color was
nearly completely bleached.

In conclusion, it can be stated that materials with tenebrescent
properties can and were prepared at temperstures as high as 1350°C.
In some compositions, temperatures above 1250°C could not be used.
This possibly indicates that, at higher temperatures, the presence
of excess silice (sample 2A+S may be detrimental.

Two objectivee were yet to be accomplished. One, to increase
the speed of the fading reaction, and two, to obtain a transparent
material. A screening type experiment was then undertaken to study
the effects of different materials on both the tenebrescent and trans-
parent characteristics of the synthetic systems.

2.2 SCREENING EXPERIMENTS

A series of experiments were run with the object of determining
the effect of adding different materials to the 2A+ composition.
This served primarily as a screening type experiment, in which the
results observed were primerily 1) whetber the added material destroyed
the tenebrescent properties, 2) whetber the added materisl had no
effect on the tenebrescent properties, 3) vbether it improved the
obtainable color or the bleaching reaction, and 4) whether the trans-
perent characteristics were improved.

11
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A general procedure was followed for all of these experiments
in which 2.0 grams of 2A+ was mixed with 0.125 grams of NeCl and
a given amount of the material being studied. The mixture was then
tightly pecked into a graphite firing fixture and fired in a hydrogen
atmospbere at 1100° to 1125°C for fifteen minutes. Results are shown
in table 6. From the data obtained, several interesting conclusions
were drawn from the experiments end some will be briefly commented
on here wvhile the total results will be discussed under succeeding
parts of this report.

It appears as if the transition elements tended to turn the
material dark after firing in a reducing atmosphere. Cadmium was
the exception to this and it would be of interest to determine the
underlying reasons. In the case of manganese (items 17 and 29),
it was shown that the darkening vas eliminated vhen the amount wes
reduced, but the tenebrescent characteristics were improved. It
appeared that in the case of all compounds which caused darkening,
concentration was an important factor. An interesting study would
be to determine whether a correlation exists between the effects
on tenebrescence and the number of unpaired electrons in the transi-
tion element. However, such a study should await the production
of a transparent material.

In many cases, a green fluorescent material was obtained and
it is enlightening to note that in most cases, boric oxide was not
present. This would not agree with earlier conclusions which attribu-
ted the green color to a reaction between Eg03 and Nep2S. The green
material alweys fluoresced, thus indicating a connection between
this and the tenebrescent property. More will be said concerning
this in a latter part of this report.

Lithium fluoride, sodium silico fluoride and calcium fluoride
(1tems 6, 45 and 15) are interesting in that the addition of lithium
fluoride and sodium silico fluoride induced a great amount of melting
but destroyed the tenebrescent properties. This seemed to point
to fluorine as the detrimental ion, but this was contradicted by
the fact that calcium fluoride as the additive, did not destroy the
tenebrescence. In the future, more work should be carried out with
these and other fluorides since they are extensively used as mineral-
izers (see ref. 3).

The results obtained with the addition of sodium sulfate were
interesting, in that they showed that excess sulfide did not have
a detrimentel effect.

All of the above data cannot be used as conclusive results since
the experiments were designed primarily to give indications as to
the direction for further experimental efforts. Since the firing
time was only 15 minutes, for all practical purposes, the final meterial

12



‘PAITIA pue PIXTWAM 9q PTNOUS TeRINRewm STYL

‘uaax® Butaeq 2xed IPTBUT a3 ‘Iounivadde uyp snosusBoxaaq
b sua [elIANEM IGL °pooB RND seA Bugowsrq Y3 puw
PAXOTOD PIUIN] ATUO I0BVJINE IYF JITOTABIZTN 03 aangodxd uy

*S3ATITODE 88 ATenexedes Jgey pue £00STI

Buyen qno pPaLrXEd aq prnous sjudwmpradxy - SouIdSAXqIUN] JO
UOTIONIISIP JO IVNBD Y3 ar8 SUOT J IO TI 3 9WEVD STYI
uf I9q39UA Les 03 FTNOTIITP ST 3T °PIAOXIS) sheaTe sea
uousmouaqd I93UID JOTOD T INq UOTIEOTITSUIP I3 UT PTE
09 pawees sAeaTe 3Te8 JTI U3 sjuswiradxa snofaaxd Auem

Ul °JUITTIOXD SBA PAIT TOIXIRWW 943 YOTUA 03 L3Tsusp

QL *IITOTABIZM 03 aunsodxd U0 PIUTLIqO SUA JOTOO ON

*1aTOTARIZTN 03 aunsodx?d
uo padoTaAsp suA JOTOD 8897 3d90x3 T-29LTQ O3 IBTTATS

*T-29L1Q 03 IPTMITS
*2-29LTg ¢ SUOTSNTOUOD PU® SFNSAX weg

*80738 X193 08Ieq0 uoyydrosqe ugp IBueqd
X0 03 93Tes unyssejod JO UOTITODE I YITA INO PITLINVD 9q
PINOYS JIOA JIYIINJ BN JO 208Td UT PIsn seA ) IduTs Fuysd
-13uy 8T STYL, °T-29.1Q O3 IBPITHES AT SITISLIANOBILBYD I

*ABUAIWOS PIUINIED
TV e 33 33TOTARIITN 03 arnsodxd up *BUTXTF I93J8 JOTOD
uaaxP® ® IAwy 30U PP INq JOTOO IBusIO ue Py TETIIIOW Y

fog2eN w® 1°0

71 @@ T°0

HO®N ®@ 1°0
Eonen w8 T°0
€oneo =@ 1°0

€002y W8 1°0

€00%eN B 2°0

L-29LT8

9-29L18

§-29LT8
7-29L18
€-29L18

2-29L18

T-29L18

STINSN OERV oAV |
. ANV _TVIUELVH

NOLLISOJWOO +Ve OISVE FHI J0 SIONWLSNS

SNOTUVA J0 NOLLIGAY SHI HILA
ONTTVEI SINBITUNIXY 40 NOILVINEWL

9 FIMEWL



*PIpPe aq uwd 8TY3 JO
saunowe TTems ALIaA ATUO SXOJAII} PUV XU suxny saxagdsomye (un Jo w8 990°0
POONPAX Uy COUN °3ITOTABIITN 03 aInsodxd uo aBuwgd XOTOD 03 JuITeAINDY)
oq3 PNSEN AX0JaIIq) Puv SBUTXTF UO YIVP PIUIMG TETINEX IQL Coup w8 1°0 | ST-29L18 LT
‘23N PIRUBYISAAUT 3q PTNOUS STAL °L-295TQ O3 IBTTHTS 2(Ho)og W8 T°0 | #T-29LTQ 91
*XIQIING PITPNIS 3q
PINOUYS PUB IDUIC3IAXIqIUI] L0ox389p ATTXEE83IOU J0U 830D J
3%} 3WITPUT PTNOA STUL °(9-29LTQ *dxd a9s) duadsaxq
-3u2} aq3 LoX3SeP 30U PIP 4 I AWM  “T-29LTQ 03 ISTHTS Sqep wd 1°0 | €1-29L18 41
‘B Jo a0%Td uT pPaTENIs aq
PInoqs OB ATQeQ0Ig -PAXTIAI pue PUMoIP aq PTNOYS TBTISIEm
SIqL °PIUISOUOD AV FOTISTINOWIVD BurrTawm 9u3 Se JB} se
1-296TQ SATT 30U S8A TEYINWE STL °T-29LTQ 03 IPTTS Muwd 10| 2T1-29.18 1t
*T-29L1Q 03 IeTTHTS €ooxg w 1°0 | TT-29LT8 €1
*29BTT suA JOTOD ULAXP 3q3 3dedxd )-294TQ O3 IUTTNTS ow @ 1°0 6-29618 44
*Ar3eax? paosaxontz
axed ueax® aqr °parxoTod 3xed LexP agj LTuo ITOTARIZTR O3
sungodxs U) PIUTEIQO SVA JOTOD UINE NIWp w YITA IPFeUT
STOSILITA ¥ DUB 3OUZINS SNOAIITA AexB AUBTT © YITA TUIINWX ¥ O w3 T°0 L-29618 1T
*T-29LTQ O3 ISTPRIS amgms wB 1°0 | O1-29L18 ot
NoguN 9890x9 Buysn pajonpuod aq
PINOYS RJIOA JqIMI °S830X3 Uv 8P 003 3q 03 sxvaddy fogley w8 €0 6-29L18 6
‘uSATP JUASWOS SRA TERTLIIRW Iq3 JO IPTSUT
sq3 uo BUIITF XIFe IO0TOO I3 3d90x3 )-29LTQ 03 JETTUIS hog2en wB 2°0 8-29L18 8
s aarGy INNORY | RN *ON
ANV TVINIELWW JNINTERIXE | KELI

(CINTINOD 9 FTAVL)

14



‘STe3M UOTIIUBIY XIIO AT} OSTe Pus TVLIIEW STYI

Buysn IN0 PILLIBD 3q PTNOYUS NIOA IO °TUIIIJauaq 3q Aem
IvuuBuew JO UOTFVIJUIOUOD MOT AI3A AXOFJATIY DUV G1-29L18
ueq3 9957 UYOTE ST AIY] PIPPR U JO Junome IqY "GT-29L1Q
8% XIWp $% ATIV3U J0U SEA TULINVE I3 3Nq PIUTEIGO SeA

(g Jo wB 4200°0 03
JuaTeATby) oMy

JOTOD AeX® ¥ -UOTIOBAX YO¥q ITE8J PUB DIBAIOJ POOS v A9 Namommmovn: w® 1°0 L2~-29L18 62
*ST-29LTQ ©3 ISTTNTS €(ov)a> w8 1°0 | 92-29LT8 o2
*¢T-29L1Q ©3 ISTYWIS €010 w® 1°0 | ¢2-29LT8 L2
*£2-29L1Q 03 ISTMIS f(Eow)ad W 10 | n2-20LTB 92
*90739719306819Y0 nuoT3diosqe 3STOTA
-BI3TN O3 IJUAIIFAT YITA ISAIANUT JO aq Lum TLURIROM STUI
30q Poo® 003 30U §BA UOT3IOBA NO9Q L "T-29LTQ 03 ISTHITS 0 wB 1°0 | €2-29LT8 G2
*$T-29.1Q ©3 IeTYwIS oM wB 10 | 22-29L18 w2
*GT-29LTQ ©3 ISTRRTS toomt @ 10 | T2-29L18 €2
*$T-29.1Q O3 ISTTETS od @ 1°0 | 02-29LT8 r
*GT-29.18 03 JETNTS Yogug ®@ 1°0 | 61-29LT8 ©
‘paproA® aq Arqeqoxd
PINOYS pus XO0T0O sfoxzsap ouz jeu) saxeadde 47 quampiadxa auo
STY3} WOXJ -3ITOTARIZTR 03 arnsodxas uo adueyd x0TOO IUPYTY ouz W@ 1°0 gT-29LT8 o2
*GT-29LT8 ©3 ISTTMTS €o2ur w8 1°0 | Lr-29LTR | 61
*GT-29.18 03 IPTMTS 2o w8 1°0 | 9T-29LT18 118
“grnea TERV IRV R “OR
ANV TVIVELW JUSTUSIXT | WL

(CINIINGD 9 FTAVL)



*squampIadxe

F09Q3 UT INTRA OU JO ST [IMmeTq L1qeqoxd pus aduvreadde
SNOAIFTA 93 IEVAIUT 30U PIP TOIINW STUL °GE-29LTQ
T} SITNEAT JUAISFITD IWGASOg °T-29LTP 03 IUTTXIS

*JUOIXD PRI ¥ O3 pIvsAXONT ST
pue Bupryz I19qJe ounrvadde uasaxd XIep v pey TeLIAUm
L °*IITOTARIZTIN 03 arnsodxd uo IBuwgo YIS v a:.AwD

‘x9qyamyg
pe3vBTisaant aq PTNOUS STU arOJaraqy pue £E-29LTQ pue
STU3 TIAMJIq IVUAIIJITD ® §T AT} I SNWOTPUT JThSAx
STQL *3ITOTARIZTN 03 xngodxd U0 PIUTEIQO SVA JOTOD O

‘Iaqaang pejedtTisaaut aq prnous
2T SSITIMIIAAI JNq ITQRITIIP S YOI $% N 30U PTD
TOIINNW STQL, °ITUZ SUA UOTIONAT HMWIIANT L °JITOTARIIM
03 ammsodxe uo IBuwgd JOTOD POOR ¥ ANE TRIIINWE STQIL

*GT-29LTQ ©3F IPTTWTS

*(L-29LTQ) sjusmtadxs Nogley 9q3 JOF PIFIIN0 SITYMIS U}
PI3eIodIOuT 9q PTNOUS TEIIPRWR STQL “T-29LT8 O3 IPTMIS

cgyuawIadx? IBAH3 UT ITVA

®TIIIT Jo Arquqoxd €T 3] °NIONIFS I3 OUT XU J0U
seop 21 a3 JT v sxvadde 3T ‘axoyaraqy fUOTIVIOTOD IMTQ B
saT? 03 pUnOZ ATsnoTAAXd seA TU °INTQ J0U SWA JITOTARIFTR
03 aansodxe uo PAdOTIASP IOTOO QL °*T-29LTQ 03 IPTTETS

*GT-29LTQ O3 IETTHI8
*¢T-29LTQ O3 JSTHTS

€o2rg w8 1°0

€10 w@ 10

Stopd w8 T°0

o%ug."ospo w® T°0

o wB 1°0

SHWN w8 1°0

21 wB 10
alw® 10
o%Ho.E108d W@ 10

9t-29L18

GE-29L18

7E-29L18

£e-29L18
ct-29L18

T€-29L18

0£-29L18
mw...wﬁ..nw
g2-29L18

Le

42
%t

133

“OEEV oWV |
ANV _TVINELW

(GINKTINOD 9 FTAWL)

16



*897373ueNnd J37TOWS

uy arqea ns aq prnoa Arqrssod pue usPe Bupmis Buoxys
£a3A B ST TBRIaj6m STY] °DPIONPUT SBA IDUIDSATIONTF Buoxls
qnq JOTOT 90U PTP TETI9jUW Iq3 3ITOTABII(M 03 aansodxd JprIONTL SOITTE
up -I070® UIAIF v puy puv LeseTd AIIA Sua TeRINEW IG] snypog w8 1°0 1-2968 <]

*383193uT XeTNOTIXLd

JO W38 30U $IOP TRIINEW STYL °PIATNSAL JITOTARIFTN O3
amsodxa uo T-29LTQ 03 IBTWWYS JOTOD *qnogdnoxyy sITods
afuexo puy GOTYA PIJTNSAI JOTOD WEAID ¥ YITA TR Y €101V v ¢0°0 T-26-H L]

*TT-2968 quampiadxa ITA UOT3OaUUOD UF PIjed
-13482AUT aq PTNOYS STY]L °PIITnSr sserd ABuods v puv Juam
-38a13 SuTITZ oq3 BupaMp ATSATSUAXD PIGIOIJ TUTINNUR IqL foa€H J0
*99TOTABIZTN 03 AMSOdX? UO PIITEIQ0 SBA JOTOD ITIITT LX) sdoxp texaasg | On-29LT8 1%

squamaAoxdu} UOT3OBAX NOBq I3 uo sysvqdme TeEods YITA
I9q3INg DAeRTI8IAUT 3q PTNOUS TUIINWR STY] °UOTIOBAL JOUq

POOP Lx3A W PUY YOTUA PUB 3ITOTFABIFTN O3 axnsodxd uo JIWp oZazt. Nozte
AXoA pauang YOTUA DPIMIOJ 98A Telxajww adAy sseyd anbedo uy w® 10 TT-2968 2N
*qua3x? us WP s8 03 ofaot. LotaSen
asng J0u PYP TeIXQom I} 3893 3daoxd gE-29LTQ 0% ISTRET3 w® 600 | 6€-29L18 ™

+J9q3ang paReBTISIAUT 3q PTNOYS STYL °IITOTAVIITN O3 Ny
-0dXa UO 3ITOTA PIUING TBTISITM JUIOMTIUGIF 33 JO 83Ied
+20uUBjeqNS SNOAIITA JuUPONTSUBI) 8 UT BuraTneax BurjTaw ommo.n.po:mmnz

UO PIYIOXF IFAUY O3 PAWeIS pus UIAIP sBA TUIANEM ] w? 1°0 gE~-29L1Q oy
*GT-29.TQ 03 ISTTHTS gqs w® 1°0 | LE-29LT8 6¢

~ STInoE GV oAV | UGS | Ol

ANV TVINIELWN INDOURIXT | KELI

(TINNTINOGD 9 FTEWL)

17



*Paen 3q 30U PTNOYS pue
I91J¥oudo us JO aTOX I3 sAerd Arqeqoad ouz aql - ArBuoxss
DOOSSIONTI IPTIUT Y3 STTUA ATIATSUIIXD PAIOTOO I08ZINS
9q3 39TOTABIZTN 03 AINodXxd uUQ °IPFSUT Y3 UO JOTOD

(238011718 ourz)
Tze# Toudsoug

uaars AqBTrs ¥ U3TA PaUTEIQO SuA Tem Inbedo jTum Lroa v eTueATds wB T°0 7-2968 In
*89133TONDd Supnty 847 uo sysegdme
Teroads TaTA Jaqiang TeIem 8TUY3 3eHEIsaAuT pTnoUs T:2(E0T8)BMed
*PIAXISQO SBA dduIdsaronTJ Juoxys v ‘suyd LT3uBTre pauxny OLT# &dAL TeOTWIQ)
3TaW g3 JO 208ZIN8 Iq3 LTUO ASTOTARIATN 03 axnsodxa up U208 U PANT
*quaxedsusiy sua sjaed uy pus LsseTd Axaa sSeA TelIajem Y, BTUeATAg w8 T°0O 2-2968 9%
ANV TVINILYW JNTTYIIXT | WAL

(CINTINGD 9 FTAWL)



was & nonequilibrium state and could be used only as sn indication

of the reaction path. Tbis led to an interesting postulate that

the true hackmanite was a nonequilibrium material which had the struc-
tursl defects required for tenebrescence end would lead to the con-
clusion that the conditions under vhich large areas cen be prepared
might necessitate the use of pressure. Of course, the main argument
against such a postulate is the fact that Medved (see ref. 4) has
been able to fire the material at about 950°C for as long as 24 hours.
However, this temperature was nearly 200°C less than the temperature
used to fire the compositions given in table 6. Also, he was never
able to obtein large sections of the synthesized material. Following
sections of this report deal with work connected with the results
obtained in table 6.

2.3 ADDITION OF SODIUM SULFATE (Nep80y)

Since it was shown in experiments 81762-7, -8 and -9 that excess
Na280, could be added to the basic 2A+ without complete deterioration
of tenebrescence and since NapS0) bad a low melting point (i.e.,
884°C), it was conceiveble that it could be used as a fluxing agent
Tor the formation of large transparent areas of hackmanite type materials.
Accordingly, each of the materials was crushed and ground in a mortar
and pestle and each mixed with 0.15 gm of NaCl. The materials were
tightly pecked into a graphite tube and then fired for 15 minutes
at 1150°C. The results obtained are shown in table 7.

TABLE 7

TABLE GIVING THE RESULTS OF
REFIRING Neo80) RICH COMPOSITIONS

EXPERIMENT MATERIAL
NUMBER | REFIRED RESULTS

9562-1 81762-7 plus | A white opaque glassy type material with
0.1 gm NapS0y | & uniform composition was obtained. On
exposure to ultraviolet the material turned
very dark. The bleaching reaction vas

not complete.

9562-2 81762-8 plus | Similar to 81762-7 except the materisl was
0.2 gm NapS0), | somewhat translucent.

9562-3 81762-9 plus | 8imilar to 81762-8 except the material vas
0.3 gn Ne2S0), | quite translucent. The color change on
exposure to ultraviolet vas excellent.
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As a result of this data, two very important consideretions
should be discussed at this point. PFirst, this data shows tbat as
the amount of NeoSO4 was increased, the translucent properties became
more pronounced indiceting that Ne2S0, was beneficial. Unfortunately,
compositions with larger amounts of Neo80) were not prepared, so
that it is impossible to predict the limiting obtainable results.
This experiment should definitely be considered for future work.
Still another concept would be to refire the materials an additional
number of times with the object of improving the extent of reaction.
Also, in all probability, a material with a higher density could
be prepared, if these materials were reacted under pressure.

The second observation of importance was that the materials
no longer had the green color normally produced after the subsequent
heat treatment. The data indicates that on incomplete reaction,
a green material is formed. Accordingly, seversl experiments were
carried out to determine the parameters involved in this problem.

2.4 IRCOMPLETE REACTION CONSIDERATIONS (THE GREEN MATERIAL)

In order to substantiate the postulate that incomplete reaction
of reactants caused the production of a green fluorescent material,
the following experiment was undertaken. A sample of 2A+ was mixed
with excess NaCl tightly peacked into a graphite tube and fired for
1 hour at 1125-1150°C in a hydrogen furnace. The resulting substance
was & vhite porcelain type glass tbat had no green color whatsoever.
On exposure to ultraviolet, the material turned dark, but was not
exceptional in this respect. A similar composition was prepared,
but the firing period was reduced to 10 minutes, after which time
a8 porcelain material was again obtained. However, the inside of
this material was green and fluoresced to a great extent. Accordingly,
it was concluded that tbe green substance is a result of insufficient
reaction. To further substantiate this, the green material was remixed
with additional NeCl and fired as previously, but for a i‘ hour period.
The resultant opeque glass had no green color and on exposure to
ultraviolet, colored to a very dark purple. It is felt that this
green coloration is probably due to some nonequilibrium state, either
chemical, such as reduction, or transitional, such as & phase equilibrium.

. If i1t can be assumed that there is a relationship between the
fluorescent and the tenebrescent properties, then it would appear
that fluorescence is due to the nontrapping of the excited electrons
by & level higher than the initial ground state of the green material.
If a band energy level disgram is drawn for the green material, it
should appear as shown in figure 1. That is, the electrons have
no allowable higher energy level in vhich they can be absorbed. The
fluorescence radiation should correspond to the energy gap indicated
end this can be determined by a study of the fluorescence spectrum.

2



EXCITEO LEVEL

EXCITATION ————————e—eecitd
EXCITATION ~—————————pf
EXCITATION ———eeeeeeee

j———FLUORESCENCE
jg——————FLUORESCENCE
j—————FLUORESCENCE

GROUND STATE

OREEN TRANSMISSION
(PURPLE ABSORPTION
AT ABOUT 420Wp)

Figure 1. Energy Level Diagram for Fluorescence.

If a higher energy level is introduced into the material (i.e.,
by further reaction), it may be expected to have a white color due
to the complementary absorption of color bands (see figure 2).

CONDUCTION BAND

; SROUND STATE or;
LECTRONS PURPLE MATERIAL
é (850 mi)
<GROUND STATE OF )
ORCEN MATERIAL
(ez0my)

Figure 2. Energy level Diagram for White Tenebrescent Material.
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This added absorption band may then allow the excited electrons
10 be trapped as shown in figure 3 which would deplete the 420 ms
absorption band and increase the electron population of the 550 mu
absorption level. This would have the effect of upsetting the color
complementation in favor of & purple color. To explain the absence
of visible radiation, it would merely be necessary to state that
the radiation is outside of the visible range and, therefore, cannoct
be observed with the eye.

CONDUCTION BAND g . [
IR
€ ¢« <«
$ 33
w
« 2

Z 2 =2

© o © > > »
S - = go.
= - = &« «
€ <« < ¢ o
= T = &
O O ¢ W W
X % R

w W W

F

GROUND STATE OF
PURPLE MATERIAL

GROUND STATE OF
REEN MATERIAL

Figure 3. Energy level Dlagram Showing the Coloration Reaction.

Bleaching could then be explained on the besis that tbe electrons
in the 550 mu band absorb energy (radiation), sllowing the electrons
to enter the conduction band and then fell to the 420 mu level. This
picture may be used to explain why bleaching is sometimes difficult,
if not impossible, since on bleaching, the electrons would have to
be excited across the energy gap to tbhe conduction level., If the
bleaching energy is insufficient to allow this transition, the material
won't be bleached. On the other hand, the usuel sensitivity of the
forward reaction can be explained by the fact that the ultraviolet
is of sufficient energy to excite the electrons to the conduction
level.

The above discussion mey not be necessarily valid, bdbut it indicates
8 possible avenue of investigation which may be fruitful in regards
to understanding the basic mechanism involved and thus allowing the
proper selection of doping agents.
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2.5 ADDITIONS OF SODIUM BORATE (Ne2BjO7°10HZ0)

The object of this series of experiments (see item $81762-39
of table 6) was to determine whether the fluxing action of NagBy07°10HZ0
could be used to lower the melting temperature of the material anx
to obtain a glass that would allow the active phase to be dissolved
in the glass without destroying the tenebrescent properties. 8till
another role possible for this material would be to act as a mineral-
izer which would allow the hackmenite crystals to grow to a larger
size.

The procedure was to sdd varying amounts of NapBj07°10H20 to
the basic hackmanite starting compositions. These compositions were
fired in s reducing atmospbere at about 1150°C for % hour. After
each firing cycle, the resulting material was ground in a mortar
and pestle with excess NaCl and then refired.

It appeared that the reason for the green coloration, as reported
sbove, vas not due to the NapS0)°BO3 reaction, but rather to incomplete
reaction. This pointed to a relation between the fluorescence and
color center formation which will be investigated in the future.

After the first firing period, a green glassy material was obtained
vhich showed strong fluorescence, but that 4id not change color.
After the additional firing cycle, however, the green color disappeared
and a vhite translucent materisl was obtained which darkened exten-
sively on exposure to ultraviolet light. After polishing a section
of the resulting meterial, it appeared as if the active particles
wvere disbursed throughout a glass medium. The ratio of active par-
ticles to the glass matrix was quite large. With a high powered
microscope and by the proper polishing of thin sections, it should
be possidle to determine exactly what type of structure was present.

Even so, these experiments showed that opacity could be reduced
by the addition of NaaB‘z:gI'lonQO. Accordingly, seversl more experi-
ments were carried out ch showed the synthesis to be critical to:

l. The amount of Ne2B4O7°10H20.
2. The particular brand of KapHy07°10H20.
3. The firing treatment.
It should be pointed out that the sddition of sodium borate
not only introduces boric oxide but also increases the ratio of
to Alg03. The Al203 is believed to cause the opaque characteristics

of the material so that as this component is reduced, the resulting
melt should become more transparent.
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2.6 ADDITION OF EXCESS SODIUN HYDROXITE (NaOH) AND SODIUM CARBONATE
(Mac03)

The object of these experiments was to determine the effect
of increasing the NapO content through the addition of excess NapCO3
and NeOH.

These materials did not show an increase in treansparency or
in the coloxr developed as compered to those materials without excess
lh2003. The results obtained may be caused by the carbonate not
being decomposed during the air firing prior to the reducing atmos-
phere firing.

Essentially the same procedure was followed for the additions
of NaOH. Additions of NaOH definitely caused the material to take
on an inherent tan color and, on exposure to ultraviolet, the NeOH
rich material developed less color than that without the NaOR.

2.7 ADDITION OF TRISODIUM PHOSPHATE (Na3PO),°12Hz0)

It vas found that the addition of Na3FO)°12E20 to the basic
material resulted in a white opaque glass which, on exposure to ultre-
violet light, turned very dark. The color, upon exposure to white
light, faded much faster in this system than in the material without
Na3F0), *12H20. On further experimentation, it was shown that the
back reaction was indeed aided by the addition of Na3PO)’12B20.
However, a dark back reaction was also present which was effectively
stopped by storing in very low temperatures.

A possible interpretation of these results would be that the
phosphorous added tende to supply the material with the necessary
impurity band required for a more sensitive bleaching reaction.

3. PREPARATION IN A MOLTEN MEDIA

As has been pointed out in the early part of this report, the
loss of NaCl appears to be quite serious to the formation of F centers
and a method of preparation preventing this loss would be desirable.
To insure a rich NaCl reaction medium, several experiments were carried
out with the objective of studying the possibility of using molten
sodium chloride es the reaction medium for the preparation of tene-
brescent hackmanite type compositions.

A mixture containing 2.0 grams of H-11, 0.15 grams of NaCl and

0.113 grame of NapS°9Hp0, which was identical to 2A, was prepared
by grinding these components in a mortar and pestle. Using a hand
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press, a pellet of this was formed and dropped into a crucible con-
taining molten NaCl at S40°C. After fifteen minutes at this tempera-
ture, the crucible was placed into a furnace set at 500°C and allowed
to cool for one-half hour. After this time, it wes removed from

the furnace and allowed to cool to room temperature.

Although the pellet was fired to a high density, on exposure
to ultravioclet, tenebrescence was exhibited only on the inside center
vhich turned dsrk. The outside part neither darkened nor fluoresced.
In order to determine whether hydrogen firing would improve the tene-
brescent properties, this pellet was fired at 1000°C in hydrogen for
one-half hour. On exposure to ultraviolet, the obtainable color was
slightly greater, but the entire pellet was colored.

A hydrogen fired pellet of 2A meterial showing tenebrescent prop-
erties, was then treated in a similar wvay. On exposure to ultraviolet
light, this material possessed the same tenebrescent properties as
before the molten salt treatment. A similar pellet was th2n allowed
to fire in molten NaCl for one hour. As a result, the sodium chloride
completely evaporated and the material showed no tenebrescent properties.
Higher temperatures could not be used, as the maximum obtainable tem-
perature ¢f the furnace wvas 1000°C.

These experiments indicated that e tenebrescent material can
be produced by firing the components in molten sodium chloride.
Since it is Adifficult to prevent complete evaporation of the NaCl
at temperatures above 1000°C, it will be necessary to design a heating
system vhich will minimize this evaporation loss. Such a technique
would allow the material to be melted in a sodium chloride medium
and may prove to be quite interesting.

Other molten media such as barium chloride, sodium sulfite, and
sodium sulfite plus RaCl were simllarly investigated as molten media.
Barium chloride gave results very similar to those of sodium chloride.
However, with sodium sulfite, the material could be reduced since
the sulfite reacts to form sodium sulfate and sodium sulfide on heating.
When 2A was fired in molten sodium sulfite, s substance, which uniformly
colored on exposure to ultraviolet, was obtained. This meteriel should
be investigated at higher temperstures and at temperatures nearer
to the melting point of 2A.

Several glasses were prepared with the object of inducing tene-
brescent properties.

The first glasses investigated were the low melting borates.
8ince it wvas shown that a halide was a requisite for the tensbrescence
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phenomenon in hackmanite, seversl compositions of boric oxide, silica,
and halides were investigated. In none of these was it possible
to obtain color upon irrsdistion with ultraviolet light.

The next series of glasses tried were those prepared by a very
high temperature firing of the basic hackmanite components. These
did show tenebrescent properties. The tensbrescent charscteristics
could be modified by changing the basic composition. A detailed study
of these glasses has not been completed and therefore results can
be given with little explanation of the photosensitive mechanism.

The following experimental procedure was utilized.

A twvo-gram sample of tbe H-1l material was tightly packed into
a graphite tube and then slowly placed into a tube furnace modified
to provide a nitrogen atmosphere. The graphite tube was allowed to
fire at 2600-2800°F for four hours after vhich, it vas removed and
allowed to cool to room temperature while still in the graphite tube.
On irradiation with ultravioler light from a high pressure mercury
arc for approximetely one minute, the material turned yellow. This
yellow glass could be stored for several weeks without fading. How-
ever, upon exposure to radistion of wavelengths longer than 350 mm,
the yellow color completely faded. The color could again be generated
by exposure to the mercury arc.

Variations of the above composition were made and in some cases,
the color characteristics obtained upon exposure to ultraviolet light
vere different.

Composition 2A was fired using the abuve procedure. On exposure
to0 the mercury arc, this material turned a reddish-brown color which
could not be made to bleach when exposed to longer wavelength radiation.
However, on heating the colored meterials to temperatures above 300°C,
the glass was readily bleached.

Composition 2A+ was also melted into a glass, which on exposure
to the mercury arc or sunlight, turned yellow. On exposure to vave-
lengths longer than 500 mi, this glass was partially bleached.

A sample of natural hackmanite was ground in a mortar and pestle
and fired as described for other glasses. This formed a transparent
glass that turned yellow on exposure to the mercury arc. On exposure
to vhite light, only pertial bleaching could be affected. Heating
the material to temperatures above 300°C did completely bleach the
color.

In an attempt to prepare transparent coatings of synthetic hack-
manite, several attempts at matching refractive index of the plastic
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patrix vith the hackmanite material were mede. After grinding the
above described synthetic opaque glass hackmanite material in a mortar
and pestle, it was placed into a ball mill and isopropyl alcohol

wvas added to make a slurry of water consistency. This mixture was
allowed to mill for at least 48 hours, after vhich time the slurry

was poured into & cylinder such that microscope slides could easily

be dipped into the slurry. Accordingly, several coatings were made

on glass slides, each coating being allowed to dry before the suc-
cessive coating was added. After the final coating was dried, the
milled hackmanite was removed from one side of the slide. The slide
containing the hackmanite was then coated with plastic by pouring

a 60% acryloid solution (refractive index of 1.49357 measured with

the sodium 539 mu line at 26°C) over the hackmanite. As soon as

the acryloid wetted the hackmanite particles, they became transparent.
A second slide was then placed over the acryloid to prevent evaporation
of the toluene which was used as the solvent for the acryloid resin.
VWhen this sandwiched coating was exposed to ultraviolet, it was colored
to the usual bhackmanite shade. On exposure to white light, the color
completely bleached.

If the solvent was allowed to evaporate, the hackmanite coating
again became cpeque. Therefore, a resin with the refractive index
of the 60% acryloid solution is required to make a transparent coating
of this ball milled material.

Samples of barium and calcium fluoride were irradiated with
gamme rays at an intensity of 2 x 10 roentgens for a period of one
bhour. The calcium fluoride showed essentially the same peaks after
gamma irrediation as it did after x-ray exposure. That is, a peak
vas developed at approximately 400 ms in both cases. This was the
only peak developed, but according to literature, three other peaks
should also have been developed. Before either x-ray treatment or
gamme ray exposure, a peak at 560 ms was present. This peak did
not seem to increase nor decrease with this high energy irradiation.

The calcium fluoride crystal was then exposed to the 405 mu
spectral line of a mercury arc for a period of 2§ hours. The inten-
sity of this source has not been determined. After this period of
exposure, the peak at 400 amt had definitely been bleached. It is
difficult to say with certainty, but it also sppears as if the absorp-
tion band at 580 mu faded to a degree and & new bend at approximately
480 mu began to develop. This is in accordance with the results
reported by Smakula (see ref. 5).

After the exposure to 405 sy rediation, the ssmple was then
exposed to the 580 mu spectral line of the mercury arc for a period
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of 5} hours. The sample then showed an increase of absorption at
40O mp although this was very slight. It is difficult to say vhether
or not this peak at 480 s decreased and that at 580 mu increased.

In conclusion, it can be stated that calcium fluoride does show
the pbenomenon described by Smakulas, but with the sample investigated,
these absorption band changes were too slight to be of value as a
computer memory device. It would seem, however, that the magnitude
of these absorption bands could be increased by the proper doping
of the crystals. With increased sensitivity, this material could
possibly be useful as a bi-optic memory materisl.

On exposure to x-rays, the barium fluoride did not appear to
cause the development of absorption bands. However, on gamme ray
exposure, the barium fluoride sample developed bands at about 1000 md,
700 = and 530 mi. As in the cese with calcium fluoride, the sbsorp-
tion bands were only slight. The effect of exposing the barium fluoride
to different wavelengths of radiastion has not as yet been investigated.
In conclusion, it can be stated that x-ray exposure wes not sufficient
to develop absorption bands in the BaFp crystal, but gemme irradiation
did induce absorption bands.

7. COMPUIER APPLICATIONS

During this research effort, a sample of natural hackmenite
was subjected to approximately 400,000 cycles with little apparent
fatigue. After this number of reversals, the sample did begin to
deteriorate, but this could be attributed to a build up of tempera-
ture within the test device. Even so, after 500,000 cycles, the
meterial still showed tenebrescent properties.

Some preliminary work was performed to determine the resolution
characteristics of the previocusly described ball milled hackmenite
coetings. The procedure used was to focus the light from a xenon
lamp onto the coating with a camera lens. The smallest spot obtain-~
able was approximately 1/32 of an inch. However, the resolution
of the focused light was no better than 1/32 of an inch and, therefore,
it 1s likely that if a smeller image were focused on the coeting,
the resolved spot would be less than 1/32 of an inch. It is felt
thay resolution studies can be made much easier by outside organi-
zations interested in the computer application than by Polacoat.
Accordingly, some samples were gent to them for this purpose. No
results have as yet been obtained. In order to utilize tenebrescent
materials in an optical memory device, consideration was given to
several optical concepts and the problems involved. A survey of
the availability of the components required for the read, write and
erase functions of such a system has been undertaken. Consideration
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was given to fixed lamp sources such as xenon lamps, lagers, and to
flying spot scanners, moving mirrors, servo systems, Kerr cells,

fiber optics, phosphors and their application to the problem. Several
mamufacturers of flying spot scanners were contected and it appears
that seversl could design such units. For reeding and erasing, it
would be necessary to use different phosphors for the cathode ray
tube coating. These are also available. One commercial organization
has an optical computer device, the light source of which, they feel
could be modified for our purposes.

8. CONCLUSIONS

An opaque glass showing the hackmenite tenebrescent properties
wag prepared by firing the basic components at temperatures above
1150°. The bleaching reaction was found to be improved by the addition
of Na3FOL°12H-0 and a glass-like material could be mede quite trans-
lucent by the eaddition of sodium borate. It is possible that these
translucent glasses can be made transperent by hot pressing techniques;
this should definitely be investigated. The addition of many other
materials to the basic components was a2lso investigated but little
improvement in the tenebrescent properties was noted for the majority
of additives. In many cases, the added material actually ruined the
tenebrescent properties.

A method of fusion in molten media was investigated with moderate
results but indications are that a tenebrescent material can be pre-
pared by firing in molten salts.

A tenebrescent glass was prepared by the high temperature firing
of a basic composition such as Nag0°Al203°28102. Some of the glasses
could be completely bleached using wavelengths longer than 350 ms,
some could be bleached only partially and some could not be bleached
at all. All the colored glasses could be bleached completely when
heated above 300°C. The obtainable color on exposure to ultraviolet
wvas found to vary with composition in some cases.

It appears that the base glass, RagO’AlaSg'.?SiOa, can be modified
wvith regards to its photosensitivity so that different colors and
also different degrees of tenebrescent charecter can be obtained.

Indications are that the material can be used for at least 400,000
cycles and that the proper light sources to be used in conjunction
with the memory material could be made available. Limited resolution
studies were performed which gave favorable, although inconclusive
data, as to the lower limit.
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